Under this second hypothesis, the total CO 2 e emissions due to transport are 539 kg CO 2 e t -1 . Assuming that a ton of KCl fertilizer is equivalent to 0.61 t of K 2 O, then the equivalent emissions due to transport are 883 kg CO 2 e t -1 K2O .
In 2014, Brazil imported 5,291,619 tons of agricultural K 2 O 4 . Under the present assumptions and uncertainties, this would correspond to emissions in the order of 2.2Mt CO 2 e (first hypothesis) and 4.7Mt
CO 2 e (second hypothesis). As a term of comparison, the total equivalent emissions due to the entirety § of agricultural activities in Brazil corresponded for the same year to 44.2 Mt of CO 2 e 4 . Therefore, in Brazil, transport of K 2 O alone is comparable to 4.9% to 10.6% of the total agricultural emissions. § CO 2 e emissions due to transport of the fertilizers are not included in the total CO 2 e emissions 
ESI 9. ELECTRON PROBE MICRO-ANALYZER (EPMA) CHARACTERIZATION OF ULTRAPOTASSIC SYENITE, FEED MIXTURE AND HYDROTHERMAL MATERIAL
An EPMA study was performed on the rock as such, the feed mixture and the hydrothermal material, to understand if ball milling may lead to inclusion of Ca atoms in the feldspar structure. The EPMA experimental protocol was the same described in the main text. All samples are mounted in thin section.
 Ultrapotassic syenite (thin section)
Results for MCA41 rock mounted in thin section are reported in ESI-EPMA. The average K 2 O content from point analysis was 14.9 wt%, which is in good agreement with the value determined by XRF on the same rock ground in a ball mill (14.3 wt%) 10 . In the feldspar structure of the rock, no Ca was detected, and the total content of oxides neared 100%.
 Feed mixture
Results for the feed mixture mounted in thin section are reported in ESI-EPMA. For some of the smallest particles, K-feldspar was enriched in Ca, depleted in K, Si and Al. In general, such an observation does not seem to hold true for bigger K-feldspar grains (> 50 µm). Such findings can be explained according to at least three different hypothesis: i) the Ca detected by EPMA is native to the ultrapotassic syenites; such domains enriched in Ca may break up more easily upon milling, and therefore they are consistently detected in the particles <50 µm. This hypothesis is unlikely given the results discussed above for the rock in thin section. However, note that ball milling has been proved to affect the crystallinity, and possibly also the composition of ultrapotassic syenites as a function of the particles size fraction 5 ii) the energy input during ball milling may activate via mechanical action a process of Ca insertion in Kfeldspar iii) Ca is coating the K-feldspar grains, but is not inserted in the crystalline framework. Most likely, a combination of phenomena is actually occurring, and it will be the subject of future investigations.
 Hydrothermal material
Selected X-ray elemental maps of the hydrothermal material obtained with EPMA are shown in Figure   ESI 7. Specifically, Figure ESI 7 (a-c) shows three particles of K-feldspar in three diferent size classes.
The small grain is highly depleted in K and enriched in Ca. Al and Si also seem to be particularly depleted with respect to pristine K-feldspar in ultrapotassic syenites. As the particles become bigger such chemical alteration becomes less evident, although a rim of calcium minerals is observed consistently.
Note that elemental maps cannot be looked at independently from point analysis (ESI-EPMA). Figure ESI 7(d-f) shows additional selected particles commented in caption. 
ESI 10. ACID-BASE TITRATION OF HYDROTHERMAL MATERIAL
An acid-base titration of the hydrothermal material was carried out as follow:
 First, 0.3 g of hydrothermal material were suspended in 10 mL of DI water under agitation  Second, standardized 0.1 M HNO 3 (Alfa Aesar) was added to the beaker. After each acid addition (2.5 mL), the system was let to stabilize for 15 min, before the reading was taken. Note that the pH never truly stabilized due to surface reactivity  Third, the titration curve is plotted as shown in Figure ESI 6 , and equivalent points used for back calculations of the base content in the hydrothermal material.
Two distinct equivalent points are observed, at pH=10.0 (3.0 mL) and pH=5.8 (12.0 mL). The first equivalent point can be reasonably attributed to carbonates since the tabulated pKa 2 value for H 2 CO 3 is 10.33 (25°C). Differences between experimental and theoretical values may be explained by interferences caused by the surface reactivity of the other mineral phases such as K-feldspar, hydrogrossular and tobermorite. The second equivalent point seems farer from the tabulated pKa 1 value for H 2 CO 3 , which is 6.35 (25°C). Assuming the first equivalent point is indeed due to carbonates, this would correspond to 0.3 mmol of CO 3 2-, equivalent to 4.3 wt% of CO 2 in the hydrothermal material. Such an amount was not detected by XRD, but is in excellent agreement with LOI data (Section 2.2. of the main text). Carbonates were anhedral crystals, but not amorphous, and are not detected by XRD likely because they are below detection limit. If all of the carbonate determined with the titration at the first equivalent point was K 2 CO 3 , then the expected K leaching test would be 78,000 ppm K , well-above the experimental data ( Figure 5 of the main text). Carbonates in the hydrothermal material are therefore an unidentified mixture, which is likely to comprise K 2 CO 3 , Na 2 CO 3 , MgCO 3 , CaCO 3 , but possibly also other double carbonate species such as K 2 Ca(CO 3 ) 2 (bütschiilite and/or fairchildite) 11 . The second equivalent point does not match the content of carbonate detected at the first equivalent point. Assuming that the second equivalent point is due to the equilibrium HCO 3 -+ H + ⇌ H 2 CO 3 , then further to the 0.3 mmol of CO 3 2-additional 0.6 mmol of bicarbonate species HCO 3 -must be present originally in the hydrothermal material. Such an amount would correspond to an additional 8.6 wt% of CO 2 content in the hydrothermal material, for a total of 12.9 wt% of CO 2 , which is unlikely to be undetected by XRD. We are not able to discriminate if such discrepancies are due to analytical error during titration, analytical error during XRD collection, multitude of carbonaceous species that are all below or near detection limits or strong interference in the titration from other mineral components. Despite such limitations, data point to an effective presence of carbonates in the hydrothermal material. 4.4 n/a K n/a n/a n/a 39.1 K 2 O n/a n/a n/a 94.2
ESI 13. MASS BALANCE CONSIDERATIONS
The potassium mass balance was calculated using the data in Table S2, Assume that all K contained in the K-feldspar that was completely converted is fully available in the leaching test. Furthermore, assume that the K available from the remaining altered K-feldspar is negligible. This is justified by considering that the dissolution rate of K-feldspar at pH=12 (ESI S6) reported by Blum 12 is 5.6×10 -12 mol m -2 s -1 , corresponding to a range 12.6-189.0 ppm of available K 1 .
Then:
o Leaching forecast: 15,126±1,976 ppm K (assuming a 1.5% error on XRD) o Leaching experimental: 14,065±744 ppm K , which is within 7% of the calculated value
